ABSTRACT A resonant cavity technique has been employed to measure the ratio of the average ionic mobility, Vi , to the ionic recombination constant, k , for ionized air (water content 1,1 t 0.1% by volyme). The measured value is 7i/k = 0.8x0l(mnV¼1). The result is compared with measurements made with other techniques. A possible basis for the variation of published values is the variation of humidity in the air sample measured.
I. INTRODUCTION AND THEORETICAL BACKGROUND
Chervenak and van Lint' have employed a "pie-pan" technique to obtain the ionic mobility, pi , and the ionic recombination paramet3r, k , of dry ionized air .2,3 These authors obtained a value of 7i/k = 2.4x108(m-1 V-1). This paper presents experimental results copsistent with a value of _i/k = 0.8x108(m-l V-) for humid air with a water content of 1.1 ± 0.1% by volume.
When a nuclear burst occurs or a flash X-ray machine (Aurora) discharges, the high energy photons (gammas, X-ray or bremsstrahlung) knock out photoelectrons or Compton electrons from the air molecules.4 These electrons eventually thermalize, and in the process of thermalization produce conduction electrons. Eventually, the conduction electrons are absorbed by the oxygen molecules in the air. At atmospheric pressures this absorbtion by oxygen molecules takes about 10-8 seconds to occur. In a nuclear burst, the electrons are always replenished because of the presence of late-time gammas produced by neutron-induced nuclear reactions. In a flash X-ray machine, the replenishment of electrons ceases when the flash X-ray machine pulse terminates and the conducting air finally consists of a mixture of neutral molecules, positive ions, and negative oxygen ions. The post electron-attachment-era can be divided into two time regimes in which two different sets of ionic conductivity parameters can be seen to dominate. The dynamics of the physical situation that occurs in these finalized ionic-air-conductivity regimes can be described by the following equations. where M is a third body. On a time-scale long compared with the radiation pulse width (%100 ns for Aurora) and the attachment time (X10 ns), the ionic contribution to the conductivity dominates.
The shape of the source term, S , in equations (4) and (5), when the Aurora flash x-ray is the source of the ionization, is shown in figure 2 . The application of the above airchemistry equations to a source term with a time history of the form shown in figure 2 and with a total radiation dose of 90 rads(Si) yields an air conductivity time history of the form shown in figure 3 . The results in figure   3 indicate that the late-time conductivity is sensitive to the parameter -Ti/k.
II. EXPERIMENTAL TECHNIQUE
To attempt to measure the ionic conductivity of air using the conventional one-pass microwave absorption techniques, 5 one would be forced to install at least 100 feet of waveguide into the Aurora test cell. This is not very practical because: (1) waveguide is expensive, and (2) the waveguide would take up a lot of space.
Another approach is to effectively elongate the waveguide by changing it into a twoport cavity in which an electromagnetic wave is reflected many times before it leaks out. The higher the Q of the cavity, the more reflections the wave undergoes and the longer the effective length of the cavity. Of course, a high-Q cavity takes a long time to respond, but since the ions of air have a long recombination time, lack of time resolution is not a problem.6
A number of such measurements have been made throughout the Aurora test cell. The heart of the apparatus was the large cavity (10' x 23" x 11-2g") which was exposed to the Aurora pulse. The cavity was, in fact, a tenfoot section of 2300 waveguide partially blocked off from the adjoining sections by aluminum-foil obstacles. As shown in figure 4 , one port of the cavity is connected to an rf source, the other to an rf detector.
III. ANALYSIS
The simple equivalent circuit shown in figure 5 is the starting point for the analysis of the data listed in Table I . The Q of the two-port cavity was determined to be approximately 10,000 by measuring the width of the cavity resonance.
When the cavity air is ionized by exposure to an Aurora discharge, a new loss mechanism is introduced. If the ionized air is a collision-dominated plasma, the added loss mechanism can be incorporated into the equivalent circuit by inserting a time- As will be discussed more fully, if the ionic plasma is not completely collision-dominated, and ion inertia or ion oscillations play a role, the time-varying "resistor," R(t) , shown in figure 5 becomes complex because the value of o employed to determine R has a reactive term. As will be shown, a complex a tends to detune the cavity from its resonance frequency.
The equation of motion for the interaction of the ions with the electric field in the cavity is Ee = md + mvv (11 ) where mvv is an effective frictional resistance resulting from collisions between ionized and neutral air molecules, E is the electric field strength and m the ionic mass.
Assuming that E = EoeJwt, v = voejwt, a solution of equation (11) is _ =-Ee mv + jum 4579 the circuit.
Our approach to analysis of our data is to employ the equivalent circuit shown in 
The ion current density is Ne2E
where N is the ion density. figure 5 ; the effect of the ionic conductivity is to change the oscillation frequency and to increase the loss mechanism in
Note that the value of the capacitance, C , always appears in combination with the inducttance, L , in the above equations. The conductivity, o(t) , was extracted from the measured cavity power output by making equation (23) a best fit to that cavity output.
IV. RESULTS Figure 6 shows a comparison of the calculation of the envelope response of an empty chamber to that of a chamber filled with ionized air for two different scope sweep times. Table I lists a small part of the data obtained during a large number of Aurora shots. Figures 7 to 9 show comparisons of theoretical predictions and experimental data for different air-chemistry parameters. Table II indicate the necessity of more measurements.
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The significance of air water-content needs investigation. Figure 7 shows the result of a number of calculations corresponding to a series of cavity total average dose assumptions. If the dose is small the knee in the curves shown in figure 1 occurs at a late time. At early time the ionic conductivity is given by e27iNo -1±kNot 0e2ViN and the ionizing cavity response is determined by Vi not 7i/k. By employing a radio frequency bridge or nulling technique it should be possible to expose a cavity to a low average-dose such as 5 rads and determine the value of 7i by the techniques presented in this paper. The less accurate steady state analysis, employed by the authors of this paper in reference 6, yields values of 7i/k that are 1.7 times larger than the more accurate transient analysis presented in this paper. The various curves shown in figure10 of this paper would converge much faster if the method of analysis in reference 6 were correct. 
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The empty cavity Q is given by Qe= wOL/R. 
